ST "
=i 2005 4F 525 % A1 oy o R 5 T O# ISSN 1671—1815 3
% 2025, 25(1) :00201 -09 Science Technology and Engineering CN 11—4688/T :.-.«'n

A

DOI:10. 12404/j. issn. 1671-1815. 2401932
SRR, DI, B, S BT SLERH A S AR ) M RN R AT FROCI T[] B BOR S TR, 2025, 25(1) @ 201-209.
Qian Cheng, Ma Qiao, Yang Lei, et al. Finite element calculation of geomagnetic induced current based on a three-dimensional earth conduc-

tivity model[ J]. Science Technology and Engineering, 2025, 25(1) : 201-209.

E T =4 Xt i 5 AR R Byt #% Bk Az
BRARITITE
BA DA A, RER, HEE AN, F AT

(1. M s A A F], A AKSE 8300635 2. E B AN 9¢ Be e A 5], PE4 710018 ;
3. PHEH TR S TR, V52 710048)

*,

O R —FRARRGARRE, TR AFRA RN LY BT R PREEREERE KLFh
WP A% HUBE B B W, 7 ( geomagnetically induced current, GIC) B34 ) 3448 &) R Ao i & /B M B B G009 % A8 E B AT R T R
M, PEBHAAEK S LM E & RSB SR K, 45T GIC EAEXE FFHAEW R I E T —H
AT Rb FEBAYGCICHARATE Tk, AL ELTERRRAEMEDEZFW SR FRELERN FLH 0T %
BN TS ENRETAEA AR 2 TATHEOEGHFER L5 RNIEINEH, EFTER GIC F
B ERA, G, A#HB T E—eb &% 750 kV 4ir s K IEAE A S, £ COMSOL Multiphysics A FRTAF A3 AE 453 T 405
oA AR A JUAT AR AR RE AR S Ak R KRR T R A R e Z g st m AR ] T iR 750 kv
TEREPHEN GIC, AREREN, ZHEHERIFH 6 GIC BRKTFZH T gD B =SHEAEL BT MELBE REARE
) UAT K /BB 2k B ot e B e g 5 M IR T AT IR 7 iR 69 A 2tk A A F AR & R A B R A R R
BT RFIRE,

Yeglin] mE R, KV FE; BB, WERE VIR, ARASN

hEEs S TMT1S; kbR A

Finite Element Calculation of Geomagnetic Induced Current
Based on a Three-dimensional Earth Conductivity Model

QIAN Cheng', MA Qiao’", YANG Lei’, TAN Xiao-yan', FU Guo-ping', MIN Kai-long', LU Chun-yu'
(1. The Ultra High Voltage Branch Company of State Grid Xinjiang Electric Power Co. , Ltd. , Urumqi 830063, China;
2. China National Heavy Machinery Research Institute Co. , Ltd. , Xi’an 710018, China;
3. School of Electric Engineering, Xi’an University of Technology, Xi’an 710048, China)

[ Abstract] A geomagnetic storm is a periodic natural disaster in which the changing geomagnetic field can induce an induced
geoelectric field. A geomagnetic induced current (GIC) loop is formed between the transmission line and the earth conductor through
the neutral points of grounding transformers. GIC seriously threatens the safe and stable operation of extra-high and ultra-high voltage
AC transmission systems. There are many types of terrain and complex structures in our country, which makes the influence of geolog-
ical landforms on induced geoelectric fields very significant. A finite element calculation method for GIC was proposed based on a three-
dimensional earth conductivity model to address the difficulties in modeling and calculating GIC. Firstly, a three-dimensional earth con-
ductivity model was established considering the anisotropy of geological structures. Meanwhile, a calculation model for electromagnetic
field penetration depth under multi-layer geological conditions was given. Secondly, a mathematical model based on time-varying elec-
tromagnetic fields was established. Combined with the topology of the power grid, an equivalent calculation model for the power grid
GIC was derived. Finally, taking the Shache-Turpan 750 kV transmission line in Xinjiang area as an example, a corresponding physi-
cal model was built in COMSOL Multiphysics finite element simulation software. The three-dimensional distribution of the induced
ground electric field in the power grid was obtained through geometric modeling, boundary condition setting, grid division, and iterative

solution. Furthermore, the GIC flowing through the neutral point of the 750 kV transformer was obtained. The research results indicate
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that the overall level of GIC obtained by the 3D model is higher than that of the 2D model. Besides, the 3D model considers the geo-

metric angle between the transmission line and different terrains, which can provide a more detailed distribution of induced geoelectric

fields. The research results verify the effectiveness of the method proposed, which provides a reference basis for scientific planning of

ultra-high and ultra-high voltage transmission corridors.
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